We have determined a 35-kb sequence of the groESL-gutR-cotA (45°-52°) region of the Bacillus subtilis genome. In addition to the groESL, gutRB and cotA genes reported previously, we have newly identified 24 ORFs including gut A and fruC genes, encoding glucitol permease and fructokinase, respectively. The inherent restriction/modification system genes, hsdMR and hsdMM, were mapped between groESL and gutRB, and we have identified two open reading frames (ORFs) encoding 5-methylcytosine forming DNA methyl transferase and an operon probably encoding a restriction enzyme complex. The unusual genome structure of few ORFs and lower GC content around the restriction/modification genes strongly suggests that the region originated from a bacteriophage integrated during evolution.
Bacillus subtilis has been an attractive organism to many investigators in the fields of molecular, industrial and medical microbiology. It has been providing them with fundamental knowledge of the structures and functions of the genes involved in protein secretion, antibiotic production, competence development and spore formation, as well as in chromosome replication, cell division and other cellular activities. 1 The ongoing project of sequencing the whole genome of B. subtilis has been useful to extract more information on unknown genes involved in the processes described above, and on the gene organization of spore-forming bacteria as well. 2 ' 3 Within the framework of the B. subtilis genome sequencing project, we were assigned to sequence the region between sigB and cotA, and have reported a 36-kb sequence covering the phoA-rrnE-groESL region. 4 In this communication, we describe the gene organization of the groESL-gutRcotA region of the B. subtilis genome based on the nucleotide sequence of the DNA fragments derived from chromosome which were amplified accurately by long polymerase chain reaction (PCR).
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Cloning, Sequencing and Analysis of Protein Coding Sequences (ORF)
The glucitol utilization operon (gutRB) was mapped between groESL and cotA, and its sequence has already been reported. 5 Two DNA fragments of about 15 kb each, covering the groESL-cotA region, were amplified by long accurate DNA PCR (Takara LAPCR kit, Takara, Kyoto, Japan) with chromosomal DNA of strain 168 and synthetic primer pairs designed from the sequences of the groESL, gutR, gutB and cotA genes 6 " 10 ( Fig. 1) . The resultant DNA fragments were purified by agarose gel electrophoresis, and subjected to shotgun sequencing as described elsewhere. 4 ' 11 ' 12 Both strands of the DNA fragments were sequenced using the Dye-Primer Cycle Sequencing Kit and a 373A sequencer from Applied Biosystems (CA, USA). The two sequences thus determined were deposited in the GSDB/DDBJ/EMBL/NCBI data banks with accession numbers AB007637 and AB007638.
From the sequence data, all six possible reading frames were surveyed for protein coding sequences which started with ATG, GTG or TTG codons and which were preceded by a possible Shine-Dalgarno (SD) sequence. Based on these criteria, 24 putative ORFs were newly identified ( a) The same nucleotides as those of a consensus SD sequence are indicated in upper case and the initiation codon is indicated in bold letters.
translation and the location of the identified ORFs are schematically shown in Fig. 1 , and comparison of their amino acid (aa) sequences with the non-redundant protein sequence databases is summarized in Table 2 .
Identification of Restriction/Modification genes of B. subtilis 168
The B. subtilis strain 168 used in the genome sequencing project has only one inherent restriction/modification system, 13 and its genes, hsdMR and hsdMM, were mapped between groESL and gutBR. 5 Indeed, we found two ORFs that would encode 5-methylcytosine forming DNA methyl transferases (m s C MTase). We designated them as hsdMMA and hsdMMB, respectively. Based on the comparison of aa sequences of 13 m 5 C MTases, Posfai et al. found ten blocks of aa residues (motifs) conserved in the same order.
14 Eight motifs were conserved in a stretch of about 200 aa in the N-terminal half of each sequence and the remaining two blocks in a stretch of about 50 aa in the C-terminal half. We could identify the correct order of nine out of ten motifs in the aa sequences of HsdMMA and HsdMMB as shown in Fig. 2 . All of the five highly conserved motifs (I, IV, VI, VIII, X), including a motif of the catalytic site (IV), were clearly identifiable in our sequences. The one motif that could not be identified in our sequence is the least conserved one. Disruption of the hsdMMA or hsdMMB genes gave very tiny colonies, possibly due to digestion of unmethylated chromosome by the restriction enzymes (data not shown). These results strongly suggest that the modification system of B. subtilis 168 is composed of two MTases. The tandem configuration of two MTase genes have been found in B. subtilis phages, but not in the genomes of B. subtilis or related bacterial strains so far examined. 13 As for the restriction genes, YdiS showed similarity to a component of a restriction enzyme of a plasmid from Lactococcus lactis ( Table 2) . It also showed a weak similarity to McrB of Escherichia coli, a subunit of the McrBC restriction enzyme. L. lactis and E. coli enzymes were found to be composed of three and two subunits, respectively. 15 Two additional ORFs, ydiR and ydjA, seem to constitute an operon with ydiS. Therefore, one or both of them may also encode components of the restriction enzyme, although they showed no clear similarity to the data bank entries.
Unusual Genome Structure of the Region Encoding Restriction/Modification System of B. subtilis 168
It should be noted that the structure of the region between groEL and gutR is unusual. We could assign only four small possible ORFs, other than those related to the restriction/modification system discussed above. The region between the groEL and gutR genes had a lower G+C content (36.3%), while that of the region from gutR to cotA was 43.3%, as found in most of the B. subtilis genome (Fig. 1) . By BlastX search of the DNA sequence between groEL and hsdMMA against the protein database, we found that the translated sequences of DNA in several regions show similarities to parts of the integrase of the bacteriophage T270 (Accession #.U22342) of Streptococcus pyogenes and the small subunit of the terminase of the bacteriophage LL-H of Lactobacillus delbruekii 17 (Fig. 3) . In addition, the spacing of the similar sequences (I, II, and III in Fig. 3 ) seems to be preserved. However, the corresponding reading frames in the regions are different from each other, and many termination codons were found between them. Regarding region IV, the appropriate SD sequence could not be identified, although it started with an ATG codon. These results strongly suggest that the restriction/modification system of the B. subtilis 168 originated from integration of a bacteriophage in a relatively recent period during evolution, and many mutations might have accumulated in regions other than those containing the restriction and modification genes.
ORFs in the Region between gutRB and cotA
The gutR and gutB genes encode for the activator and the dehydrogenase of the glucitol utilization operon, respectively. 8 - 9 The ORF following gutB encodes for a protein with transmembrane domains having similarity to the glucuronide carrier protein of E. coli, and hence it was probably the gutA gene that was mapped at the same locus as that of gutB. 16 The ydjE gene encodes for a protein homologous to fructokinase and is probably the fruC gene, although it was mapped at a different locus from gutAB. 16 ORFs ydjF, ydjG, ydjH and ydjl may be co-transcribed with glucitol utilization proteins, although their functions are unknown. ORFs ydjJ and ydjK, encode for proteins with transmembrane domains and the latter is probably involved in sugar transport. ydjL encodes for a protein belonging to the zinc-containing dehydrogenase family. ORFs ydjM and ydjN encode for proteins having possible signal peptide sequences. Indeed, the N-terminal aa sequence of YdjM is identical to a sequence reported to have signal peptide activity. 18 YdjP showed similarities to bromoperoxidases from several bacteria.
